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BACKGROUND OF THE INVENTION 

Field of the Invention 

[0004] The present invention relates generally to illumination systems that can 

be used in lithography tools. 

Background Art 

[0005] Lithography can be used to fabricate patterns on substrates, 

semiconductor wafers, flat panel displays (glass substrates), and like. For ease 
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of explanation, the description in the specification will be based on 
semiconductor fabrication. In lithography, various wavelengths of light are 
used, depending on a size of a feature being pattered, to image patterns onto 
the semiconductor wafer. Many types of semiconductor devices, such as 
diodes, transistors, and integrated circuits, can be fabricated using lithographic 
techniques. 

[0006] A lithography system typically includes an illumination system that 

illuminates a pattern generator containing a pattern (e.g., a reticle (also called 
a mask), a spatial light modulator or contrast device (a digital mirror device, a 
grating light valve, a liquid crystal display), or the like, hereinafter all are 
referred to as pattern generator) to image the pattern, via a projection system, 
on a semiconductor wafer in an exposure system. Typically, the illumination 
system illuminates a region of the pattern generator and the projection system 
projects an image of the illuminated region onto the wafer. 

[0007] As semiconductor device manufacturing technology advances, there 

are ever increasing demands on each component of the lithography system 
used to manufacture the semiconductor device. This includes the illumination 
system used to illuminate the pattern generator. For example, there is a need 
to illuminate the pattern generator with an illumination field having uniform 
irradiance. In step-and-scan lithography, there is also a need to continuously 
vary a size of the illumination field in a direction perpendicular to a wafer scan 
direction, so that the size of the illumination field can be tailored to different 
applications. One factor often limiting wafer processing throughput is the 
amount of energy available from the illumination system. As a result, there is 
a need to vary the size of the illumination field without a loss of energy. 

[0008] As the size of the illumination field is varied, it is important to preserve 

the angular distribution and characteristics of the illumination field at the 
pattern generator. To achieve this goal, the illumination system must maintain 
telecentric illumination at a substantially fixed numerical aperture at the 
pattern generator as the size of the illumination field is varied. Some 
illumination systems include a scattering optical element, such as an array, 
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positioned before the pattern generator. The scattering optical element 
produces a desired angular light distribution that is subsequently imaged or 
relayed to the pattern generator. In such an illumination system, there is a 
need to maintain telecentric illumination at a substantially fixed numerical 
aperture at the scattering optical element, and correspondingly, at the pattern 
generator, as the size of the illumination field is varied. 
[0009] A standard zoom lens can vary the size of the illumination field. 

However, in the standard zoom lens, image magnification, and 
correspondingly the size of the illumination field, is inversely proportional to 
angular magnification. Thus, a standard zoom lens that increases the size of 
an image by a factor M, disadvantageously decreases the numerical aperture 
by a factor 1/M, and fails to preserve the angular distribution of the 
illumination field. 

[0010] In conventional systems, only one of a field height or pupil can be 

varied, while maintaining constant radiometric efficiency. Thus, in systems 
that have the capability to continuous vary a field height, hard apertures are 
inserted to create fixed pupils, which reduces radiometric efficiency. 
Similarly, systems that have continuously varying pupils require hard 
apertures to reduce the field height, which again reduces radiometric 
efficiency. 

[0011] Therefore, what is needed is a system and method that allow for 

varying both a field height and pupil of an illumination beam, possibly 
continuously (dynamically), while desirably maintaining radiometric 
efficiency of a system. 

BRIEF SUMMARY OF THE INVENTION 

[0012] An embodiment of the present invention provides a system and method 

that creates the ability to both continuously (dynamically) vary or change field 
height and continuously (dynamically) vary or change a pupil through the use 
of first and second zoom systems. A first zoom system can be used to 
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generate an appropriate field shape and size in a device that generates a fixed 
range of illumination pupil angles and a second zoom system can be used to 
vary the pupil in shape and size. 

[0013] Another embodiment of the present invention provides a system 

including a field defining element, a pupil defining element, and first and 
second zoom systems. The field defining element (FDE) generates a field 
height of an illumination beam. The first zoom system allows for changing of 
the field height of the illumination beam. The pupil defining element (PDE) 
generates a pupil of the illumination beam. The second zoom system allows 
for changing of the pupil of the illumination beam. In some applications, the 
illumination beam can be used to illuminate an object plane that may contain a 
pattern generator, such as in lithography or maskless lithography. 

[0014] A still further embodiment of the present invention provides a system 

including a device for varying a field height of an illumination beam and a 
device for varying a pupil of the illumination beam, so that radiometric 
efficiency is maintained. The system may also include one or more of the 
following: a device for relaying the illumination beam, a device for measuring 
a characteristic of the illumination beam and generating a control signal, and a 
device for controlling at least one of the device for varying the field height and 
a device for varying the pupil based on a value of the control signal. 

[0015] The above embodiments can allow for a higher radiometric efficiency 

over a range of field heights and a range of pupils, that increase flexibility of a 
lithographic fabrication process, and that improve matching of pupil and field 
height between lithographic tools. 

[0016] Further features and advantages of the present invention as well as the 

structure and operation of various embodiments of the present invention are 
described in detail below with reference to the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES 

[0017] The accompanying drawings, which are incorporated herein and form 

part of the specification, illustrate the present invention and, together with the 
description, further serve to explain the principles of the invention and to 
enable a person skilled in the relevant art(s) to make and use the invention. 

[0018] FIG. 1 illustrates an example environment for the present invention, a 

lithographic system. 

[0019] FIG. 2a illustrates an embodiment of an illumination system according 

to the present invention. 
[0020] FIG. 2b illustrates another embodiment of an illumination system 

according to the present invention. 
[0021] FIG. 3a illustrates an embodiment of a 4-lens condenser system of the 

illumination system of FIGS. 2a and 2b in a first lens position, according to 

the present invention. 

[0022] FIG. 3b illustrates the 4-lens condenser system shown in FIG. 3a in a 

second lens position, according to the present invention. 
[0023] FIG. 3c illustrates the 4-lens condenser system shown in FIG. 3a in a 

third lens position, according to the present invention. 
[0024] FIG. 3d illustrates a plurality of optical elements along with 

corresponding optical surfaces of the 4-lens condenser system shown in FIGS. 

3a-3c, according to the present invention. 
[0025] FIG. 4a illustrates an embodiment of a 5-lens condenser system of the 

illumination system of FIGS. 2a and 2b in a first lens position, according to 

the present invention. 

[0026] FIG. 4b illustrates the 5-lens condenser system shown in FIG. 4a in a 

second lens position, according to the present invention. 
[0027] FIG. 4c illustrates the 5-lens condenser system shown in FIG. 4a in a 

third lens position, according to the present invention 
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[0028] FIG. 4d illustrates a plurality of optical elements along with 

corresponding optical surfaces of the 5-lens condenser system shown in FIGS. 

4a-4c, according to the present invention. 
[0029] FIG. 5a is a side view of a diffractive grid within a diffractive array, 

according to the present invention. 
[0030] FIG. 5b is a top view of a diffractive grid within the diffractive array, 

according to the present invention. 
[0031] FIG. 6a is a top view of a microlens assembly within the diffractive 

array, according to the present invention. 
[0032] FIG. 6b is a side view of a microlens assembly within the diffractive 

array, according to the present invention. 
[0033] FIGS. 7 and 8 show systems that allow for continuously changing a 

field height and a pupil, according to embodiments of the present invention. 
[0034] The present invention is described with reference to the accompanying 

drawings. In the drawings, like reference numbers may indicate identical or 

functionally similar elements. Additionally, the leftmost digit of a reference 

number may identify the drawing in which the reference number first appears. 

DETAILED DESCRIPTION OF THE INVENTION 
Overview 

[0035] While the present invention is described herein with reference to 

illustrative embodiments for particular applications, it should be understood 
that the invention is not limited thereto. Those skilled in the art with access to 
the teachings provided herein will recognize additional modifications, 
applications, and embodiments within the scope thereof and additional fields 
in which the present invention would be of significant utility. 

[0036] An embodiment of the present invention provides a method and system 

that allow for changing (possibly continuously and/or dynamically) of both a 
field height and pupil of a beam that illuminates an object field. In one 
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example, the object field can have a pattern generator (e.g., a reticle, a spatial 
light modulator, or the like) positioned therein, for example in a lithography or 
maskless lithography system. The system and method can use a field defining 
element, a pupil defining element, and first and second zoom systems. The 
field defining element (FDE) can generate a field height of an illumination 
beam. The first zoom system can allow for changing of the field height of the 
illumination beam. The pupil defining element (PDE) can generate a pupil of 
the illumination beam. The second zoom system can allow for changing of the 
pupil of the illumination beam. 

Exemplary Environment: A Lithography System 

[0037] FIG. 1 illustrates an exemplary environment where the present 

invention can be implemented. An optical system 100 includes an illumination 
source 101 (e.g., a light source, a laser, etc.) that produces a light beam 113. 
The light 113 is conditioned in a beam conditioner 102, which transmits 
conditioned light 103 to illumination optics 104. Illumination optics 104 
produces illumination light from the conditioned light 103, which is used to 
illuminate an object plane that can include a pattern generator 106 (e.g., one or 
more reticles, spatial light modulators, or the like). Pattern generator 106 is 
used to pattern the illumination light to form patterned exposure light that is 
projected onto a substrate 110 (e.g., a semiconductor wafer, a flat panel 
display glass substrate, or the like) via projection optics 108. It is to be 
appreciated that pattern generator 106 can be transmissive or reflective. 

[0038] Illumination source 101 may be a laser that produces light beam 113 

having any wavelength, such as visible light, extreme ultraviolet light, deep 
ultraviolet light, or any other wavelength of light within or not in the visible 
region. An example application of the present invention uses wavelengths 
which include, but are not limited to, 248 nanometers (nm), 193 nm, and 157 
nm. Additionally, illumination source 101 may be a pulsed laser or a 
continuous wave laser. 
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[0039] In one embodiment, beam conditioner 102 can produce a collimated 

beam having a defined cross-section. This can be accomplished using a beam 
expander, such as a refractive optical system or a reflective optical system. 

[0040] FIG. 2a illustrates an embodiment of an illumination system 200 for 

illuminating the object plane, which can include pattern generator 106, 
according to the present invention. For ease of description, a reticle (also 
referred to as "delimiter") will be used for pattern generator 106. However, 
other pattern generators 106 are contemplated within the scope of the present 
invention (e.g., contrast devices, spatial light modulators, and the like). 

[0041] Illumination optics 104 can include illumination system 200. 

Illumination system 200 can include a first device 210, which can be a 
diffractive array or a refractive array that creates the field, a second device 
212, which can be a diffractive array or a refractive array that creates the pupil 
, and a condenser system 220 placed in an optical path between first field array 
210 and second pupil array 212. In one embodiment of illumination system 
200, the above-described optical elements are placed along an optical axis 
209. 

[0042] First field array 210 processes conditioned light 103. In various 

embodiments, first field array 210 can be a double diffractive array, a 
diffractive grid, or a microlens assembly that allows passage of light in the 
first, second, third and so forth order, or the like. First field array 210 can 
diffract light so that each order represents passage of light at different angles. 
First field array 210 can provide spatial and temporal coherence treatment for 
conditioned light 103 entering illumination system 200. Furthermore, first 
field array 210 can allow for a high transmission of light. 

[0043] Light 213a-d from condenser system 220 is incident upon second pupil 

array 212. Second pupil array 212 may change the magnitude of impinging 
light to form a delimiter field 228. The size and/or shape of delimiter field 
228 may indicate how much light is incident upon reticle 106. Second pupil 
array 212 can also be a double diffractive array and/or can include a 
diffractive grid or a microlens assembly. Second pupil array 212 can provide 
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spatial and temporal coherence treatment. Also, second pupil array 212 can 
allow for a high transmission of light. 
[0044] Condenser system 220 can allow the light passing through illumination 

system 200 to vary the size of delimiter field 228. In one embodiment, 
condenser system 220 can include a plurality of lenses that vary magnitude of 
the light passing through condenser system 220 and a size of delimiter field 
228. The plurality of lenses in condenser system 220 can expand and/or 
reduce the magnitude of the light. Condenser system 220 can include a 
plurality of cylindrical lenses and/or cross-cylindrical lenses. Various 
embodiments of condenser system 220 are described below with respect to 
FIGS. 3a-4d. 

[0045] FIGS. 5a and 5b illustrate a side view and a front view, respectively, of 

an exemplary diffractive grid embodiment of first diffractive array 210 
according to the present invention. Conditioned light 103 passes through a 
diffractive grid 501 of first field array 210. Diffractive grid 501 transmits 
conditioned light 103 at different angles di, a.2, and 013 with respect to optical 
axis 209 (FIG. 2a), as shown in FIG. 5a.. 

[0046] FIGS. 6a and 6b illustrate a front view and a side view, respectively, of 

another embodiment of first field array 210 according to the present invention. 
In this embodiment, first field array 210 includes a plurality of microlenses 
601. Microlenses 601 can be placed in a variety of configurations as shown in 
FIG. 6b. First field array 210 can include a plurality of microlens assemblies 
601 variably aligned. Microlenses 601 can be placed parallel to the Y-axis 
and/or parallel to the X-axis. Microlenses 601 receive conditioned light 103 
and transmit it at various angles Pi, 02, and p 3 with respect to optical axis 209 
(FIG. 2a), as shown in FIG. 6b. 

[0047] Referring back to FIG. 2a, conditioned light 103 is directed along 

optical axis 209 towards reticle 106. First field array 210 receives conditioned 
light 103. After processing conditioned light 103, first field array 210 directs 
light 211a-d towards condenser system 220. The light 211a-d contains a 
pattern imparted on it via pattern generator 106. After passing through first 
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field array 210, light 21 la-d has a numerical aperture 215. Numerical aperture 
215 indicates a size and/or shape of delimiter field 228. Numerical aperture 
(NA|) 215 is defined as follows: 

NA, = n * sin(Oi) 

[0048] In this formula, n is an index of refraction of the optical propagating 

medium (in this case, air) and 8i is an angle of being refracted, formed by the 
light generating delimiter field 228. Therefore, size of numerical aperture 
(NAi) 215 controls the size of delimiter field 228. In other words, the larger 
the numerical aperture 215, the larger the delimiter field 228. The shape of 
numerical aperture 215 also controls the shape of delimiter filed 228. For 
example, in the embodiment shown in FIG. 2a, numerical aperture 215 is 
rectangular, therefore delimiter field 228 is rectangular. As another example, 
in the embodiment shown in FIG. 2b, numerical aperture 215 has an arc shape, 
therefore delimiter field 228 has an arc shape. Other shapes and sizes of 
numerical aperture 215 and its corresponding delimiter field 228 are possible. 
In other words, first field array 210 can be modified so that the light 211 can 
have any size and/or shape numerical aperture 215. Hence, light 213 can 
subsequently form corresponding size and/or shape delimiter field 228. 

[0049] First field array 210 directs light 211 towards condenser system 220 

along optical axis 209. Condenser system 220 can be used to change a size of 
delimiter field 228. Condenser system 220 can generate a zoomable field in a 
cross-scan direction. For example, as shown in FIG. 2a a scan direction can 
be along axis 209, or in an X direction, while a cross-scan direction in this 
figure would be along the X axis. The condenser system 220 can be 
anamorphic to achieve generation of the zoomable field. In other words, the 
light passing through condenser system 220 is capable of varying size of 
delimiter field 228 in the Y-direction. Condenser system 220 is also capable 
of preserving or maintaining an angular distribution of light incident on 
second pupil array 212, while the light passing through condenser system 220 
is varying the size of the delimiter field 228. Condenser system 220 can 
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maintain a uniform radiant flux density of light (radiant flux incident per unit 
area of a surface), while the size of delimiter field 228 (and, hence, the amount 
of light incident upon reticle 106) is varied. For example, the light passing 
through condenser system 220 is able to vary delimiter field 228 in a range 
from about 1 1 mm to about 26 mm. A size and/or shape of delimiter field 228 
can be application specific. Various embodiments of condenser system 220 
are described in reference to FIGS. 3a-4d. 

Condenser System 

[0050] In accordance with one embodiment of the present invention, 

condenser system 220 can substantially preserve and maintain a predetermined 
angular distribution of light incident upon reticle 106, while the size of the 
delimiter field 228 is varied. To achieve this, condenser system 220 can 
maintain telecentric illumination at numerical aperture 215, while the size of 
the delimiter field 228 is varied. Condenser system 220 also can maintain a 
uniform irradiance and a predetermined amount of energy that is transferred to 
reticle 106 by illumination system 200, while the size of the delimiter field 
228 is varied. The operation of condenser system 220 is described further 
below. 

[0051] FIGS. 3a-3d illustrate a 4-lens condenser system 220 according to an 

embodiment of the present invention, while FIGS. 4a-4d illustrate 5-lens 
condenser system 220 according to another embodiment of the present 
invention. 

Lens Condenser System 

[0052] FIG. 3a illustrates 4-lens condenser system 220 according to an 

embodiment of the present invention. 4-lens condenser system 220 can 
include an input lens 301, an output lens 303, and a zoom lens section 310. 
Zoom lens section 310 is placed along optical axis 209 between input lens 301 
and output lens 303. Zoom lens section 310 can include a first zoom lens 311 
and a second zoom lens 312. 
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[0053] In this embodiment, input lens 301 and output lens 303 are stationary 

lenses and zoom lens section 310 is capable of translation along optical axis 
209 between input lens 301 and output lens 303. First zoom lens 311 is 
capable of translation along optical axis 209 between input lens 301 and 
second zoom lens 312. Second zoom lens 312 is capable of translation along 
optical axis 209 between first zoom lens 311 and output lens 303. By 
translating first zoom lens 311 and/or second zoom lens 312 along optical axis 
209, zoom lens section 310 translates along optical axis 209 between input 
lens 301 and output lens 303. 

[0054] By adjusting respective distances between input lens 301, first zoom 

lens 311, second zoom lens 312, and output lens 303 condenser system 220 
condenses a light passing through the condenser system 220. The condensed 
light forms an illumination field 350 before the condensed light passes through 
second diffractive array 212. Illumination field 350 can be used to establish 
the size of delimiter field 228 formed at reticle 106. As used herein, 
condensed light means light having expanded and/or reduced magnitude. The 
condensed light output from condenser system 220 is capable of varying the 
size of illumination field 350. Furthermore, the refractive power of input lens 
301, first zoom lens 311, second zoom lens 312, and output lens 303 also 
affects the magnitude of light passing through condenser system 220 and, 
hence, affects the size of illumination field 350. Depending on the size of 
illumination field 350, input lens 301, output lens 303, first zoom lens 311, 
and second zoom lens 312 can have positive or negative refractive power. 

[0055] In one embodiment, input lens 301 and output lens 303 can be 

cylindrical lenses having optical powers in a cross-scanning direction (or 
along the X and the Y axis) and first zoom lens 311 and second zoom lens 312 
can be cylindrical lenses having optical powers in a scanning direction (or 
along the Y-axis or along the X-axis). 

[0056] In one embodiment, in order to minimize energy loss and/or a range of 

motion of lenses in zoom lens group 310 during operation of condenser system 
220, the ratio of cross-scan optical powers of lenses in zoom lens group 310 
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can be in the range from about 1 :-0.3 to about l:-0.8. In the alternative, lenses 
in the condenser system 220 can be cross-cylindrical lenses. 
[0057] FIG. 3d illustrates optical elements with corresponding optical surfaces 

of condenser system 220 according to an embodiment of the present invention. 
Input lens 301 has optical surfaces 2 and 3, first zoom lens 311 has optical 
surfaces 4 and 5, second zoom lens 312 has optical surfaces 6 and 7, and 
output lens 303 has optical surfaces 8 and 9. The optical elements are placed 
between an object plane and an image plane. Tables 1A and IB, shown 
above, indicate optical properties of each optical element in condenser system 
220 (input lens 301, first zoom lens 311, second zoom lens 312, and output 
lens 303), such as thickness, radius, material and others. 

Light Path In 4-Lens Condenser System 

[0058] Referring again to FIG. 3a, a first embodiment of zoom lens section 

310 is shown. Light 21 1 is incident upon input lens 301 of condenser system 
220. Input lens 301 changes the magnitude of light 211. As used herein, the 
term changing the magnitude of the light means expanding and/or reducing the 
magnitude of the light. After being refracted by input lens 301, light 211 
becomes first condensed light 372. As used herein, the term condensed light 
means a light having expanded and/or reduced magnitude. Input lens 301 
directs first condensed light 372 towards zoom lens section 310. 

[0059] First zoom lens 31 1 of zoom lens section 310, while in position 320a, 

receives first condensed light 372. First zoom lens 311 changes the magnitude 
of first condensed light 372. After being refracted by first zoom lens 311, first 
condensed light 372 becomes second condensed light 373. First zoom lens 

311 directs second condensed light 373 towards second zoom lens 312, which 
is in position 321a. 

[0060] Second zoom lens 312 receives second condensed light 373. Second 

zoom lens 312 changes the magnitude of second condensed light 373. After 
being refracted by second zoom lens 312, second condensed light 373 
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becomes third condensed light 374. Second zoom lens 312 directs third 
condensed light 374 towards output lens 303. 

[0061] Output lens 303 receives third condensed light 374. Output lens 303 

changes the magnitude of third condensed light 374. After being refracted by 
output lens 303, third condensed light 374 becomes condensed light 213. 
Output lens 303 directs condensed light 213 towards second diffractive array 
212. Condensed light 213 forms an illumination field 350a before entering 
second diffractive array 212. A size of illumination field 350a is at least 
dependent upon position 320a of first zoom lens 311 and position 321a of 
second zoom lens 312. 

[0062] FIG. 3b shows zoom lens section 310 according to a second 

embodiment of the present invention. In this embodiment, first zoom lens 311 
is in a position 320b and second zoom lens 312 is in a position 321b. 
Condenser system 220 forms an illumination field 350b based on the 
positioning of lenses 311 and 312. Illumination field 350b can have a 
different size as compared with illumination field 350a of FIG. 3a. 

[0063] FIG. 3c shows a zoom lens section 310 according to a third 

embodiment of the present invention. In this embodiment, first zoom lens 311 
is in a position 320c and second zoom lens 312 is in a position 321c. 
Condenser system 220 forms an illumination field 350c based on the 
positioning of lenses 311 and 312. Illumination field 350c can have a different 
size as compared with illumination fields 350a of FIG. 3a and 350b of FIG. 
3b. 

5 -Lens Condenser System 

[0064] FIG. 4a illustrates 5-lens condenser system 220 according to an 

embodiment of the present invention. In this embodiment, 5-lens condenser 
system 220 includes an input lens 301, an output lens 303, and a zoom lens 
section 410. Zoom lens section 410 is placed along optical axis 209 between 
input lens 301 and output lens 303. Zoom lens section 410 includes a first 
zoom lens 41 1, a second zoom lens 412, and a third zoom lens 413. 
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[0065] In this embodiment, input lens 301 and output lens 303 are stationary 

lenses and zoom lens section 410 is capable of translation along optical axis 
209 between input lens 301 and output lens 303. First zoom lens 411 is 
capable of translation along optical axis 209 between input lens 301 and 
second zoom lens 412. Second zoom lens 412 is capable of translation along 
optical axis 209 between first zoom lens 411 and third zoom lens 413. Third 
zoom lens 413 is capable of translation along optical axis 209 between second 
zoom lens 412 and output lens 303. By translating first zoom lens 411, second 
zoom lens 412, and/or third zoom lens 413 along optical axis 209, zoom lens 
section 410 translates along optical axis 209 between input lens 301 and 
output lens 303. 

[0066] Adjusting respective distances between input lens 301, first zoom lens 

411, second zoom lens 412, third zoom lens 413, and output lens 303, can 
allow condenser system 220 to condense a light passing through the condenser 
system 220. The condensed light forms an illumination field 450 before the 
condensed light passes through second diffractive array 212. The condensed 
light output from condenser system 220 is capable of varying the size of 
illumination field 450. Furthermore, the refractive power of input lens 301, 
first zoom lens 411, second zoom lens 412, third zoom lens 413, and output 
lens 303 can also affect the magnitude of light passing through condenser 
system 220 and, hence, affect the size of illumination field 450. Illumination 
field 450 is partially determinative of a size of delimiter field 228 formed at 
reticle 106. 

[0067] Depending on the size of illumination field 450, input lens 301, output 

lens 303, first zoom lens 411, second zoom lens 412, and third zoom lens 413 
can have positive or negative refractive power. Input lens 301 and output lens 
303 can be cylindrical lenses having optical powers in a cross-scanning 
direction (or along the X axis and the Y axis). First zoom lens 411, second 
zoom lens 412, and third zoom lens 413 can be cylindrical lenses having 
optical powers in a scanning direction (or along the Y-axis or along the X- 
axis). In one embodiment, in order to minimize energy loss and/or a range of 
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motion of lenses in zoom lens section 410, during operation of condenser 
system 220 the ratio of cross-scan optical powers of lenses in zoom lens 
section 410 can be in the range from about l:-0.3 to about l:-0.8. In an 
alternative embodiment, lenses in the condenser system 220 can be cross- 
cylindrical lenses. 

[0068] FIG. 4d illustrates optical elements with corresponding optical surfaces 

of condenser system 220. Input lens 301 has optical surfaces 2 and 3. First 
zoom lens 411 has optical surfaces 4 and 5. Second zoom lens 412 has optical 
surfaces 6 and 7. Third zoom lens 413 has optical surfaces 8 and 9. Output 
lens 303 has optical surfaces 10 and 11. The optical elements are placed 
between an object plane and an image plane. Tables 2A and 2B, shown 
above, indicate optical properties of each optical element in condenser system 
220 (input lens 301, first zoom lens 411, second zoom lens 412, third zoom 
lens 413, and output lens 303), such as thickness, radius, material and others. 

Light Path In 5-Lens Condenser System 

[0069] With reference again to FIG. 4a, zoom system 410 is shown according 

to a first embodiment of the present invention. In this embodiment, light 211 
is incident upon input lens 301 of condenser system 220. Input lens 301 
changes the magnitude of light 211. After being refracted by input lens 301, 
light 211 becomes first condensed light 472. Input lens 301 directs first 
condensed light 472 towards zoom lens section 410. 

[0070] First zoom lens 411 of zoom lens section 410, while in position 420a, 

receives first condensed light 472. First zoom lens 41 1 changes the magnitude 
of first condensed light 472. After being refracted by first zoom lens 411, first 
condensed light 472 becomes second condensed light 473. First zoom lens 
41 1 directs second condensed light 473 towards second zoom lens 412, which 
is in position 421a. 

[0071] Second zoom lens 412, while in position 421a, receives second 

condensed light 473. Second zoom lens 412 changes the magnitude of second 
condensed light 473. After being refracted by second zoom lens 412, second 
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condensed light 473 becomes third condensed light 474. Second zoom lens 

412 directs third condensed light 474 towards third zoom lens 413, which is in 
position 422a. 

[0072] Third zoom lens 413, while in a position 422a, receives third 

condensed light 474. Third zoom lens 413 changes the magnitude of third 
condensed light 474. After being refracted by third zoom lens 413, third 
condensed light 474 becomes fourth condensed light 475. Third zoom lens 

413 directs fourth condensed light 475 towards output lens 303. 

[0073] Output lens 303 receives fourth condensed light 475. Output lens 303 

changes the magnitude of fourth condensed light 475. After being refracted 
by output lens 303, fourth condensed light 475 becomes condensed light 213. 
Output lens 303 directs condensed light 213 towards second diffractive array 
212. Condensed light 213 forms an illumination field 450a before entering 
second diffractive array 212. The size of illumination field 450a is at least 
partially determined by position 420a of first zoom lens 411, position 421a of 
second zoom lens 412, and position 422a of third zoom lens 413. 

[0074] FIG. 4b shows zoom lens system 410 according to a second 

embodiment of the present invention. In this embodiment, first zoom lens 41 1 
is in a position 420b, second zoom lens 412 is in a position 421b, and a third 
zoom lens 413 is in a position 422b. Condenser system 220 forms an 
illumination field 450b based on the positions of lenses 411, 412, and 413. 
Illumination field 450b can have a different size as compared with 
illumination field 450a of FIG. 4a. 

[0075] FIG. 4c shows a zoom system 410 according to a third embodiment of 

the present invention. In this embodiment, first zoom lens 411 has a position 
420c, second zoom lens 412 has a position 421c, and a third zoom lens 413 
has a position 422c. Condenser system 220 forms an illumination field 450c 
based on the positions of lenses 411, 412, and 413. Illumination field 450c 
can have a different size as compared with illumination fields 450a of FIG. 4a 
and 450b of FIG. 4b. 
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System Allowing For Varying Of Both Field Height And Pupil 

[0076] As discussed above, the various embodiments and systems above allow 

for a continuously variable field height, but not a continuously variable pupil. 
However, in some applications a tool needs to be more flexible and have the 
ability to do both. The systems in FIGS. 7 and 8 can accomplish both 
operations. 

[0077] FIG. 7 shows an optical system 700 according to an embodiment of the 

present invention. Optical system 700 can be positioned in illumination optics 
104 (FIG. 1). Optical system 700 receives light beam 103 at a field defining 
element (FDE) 702. 

[0078] At every point of FDE 702 beams 704 are generated that establish a 

field height of the illumination beam 720, which is used to illuminate the 
object plane having pattern generator 106 therein. Beams 704 have a field 
shape (e.g., rectangular, arc, etc.) and have a NA=a. A first zoom system 706 
has a focal length of Fi and magnifies the basic shape of beam 704 to size Fi<x 
at pupil defining element (PDE) 708. Thus, varying a zoom (and focal length 
Fi) of first zoom system 706 allows optical system 700 to vary (possibly 
continuously or dynamically) a field height of illumination beam 720. 

[0079] At every point of PDE 708 beams 710 are generated that have a NA= p 

and that establish a pupil shape (e.g., circular, dipole, etc.) of the illumination 
beam 720. A second zoom system 712 receives beams 710, and has a 
magnification of M2. Second zoom system 712 magnifies and reshapes the 
pupil NA to M 2 p and the field size to F1C1/M2. Thus, varying a zoom (and 
magnification M2) of second zoom system 712 allows optical system 700 to 
vary (possibly continuously or dynamically) a pupil of illumination beam 720. 

[0080] In combination, varying a zoom of first zoom system 706 and second 

zoom system 712 allows for varying of both field height (Fia/M 2 ) and pupil 
(M2P). For example, NA of illumination beam 720 at the object plane can be 
controlled by M2 and then the size of illumination beam 720 at the object 
plane can be reset using Fj. This results in a more precise system that is more 
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flexible in terms of adapting for various applications as compared to the 
systems described above in FIGS. 2a-4d. 

[0081] In one embodiment of system 700, an optional detecting system 722 

can be used to measure a characteristic (e.g., a wavefront, etc.) of illumination 
beam 720 to allow for dynamic varying of one or both field height and pupil. 
Detecting system 722 can include an optical element 724 (e.g., a beam splitter) 
the directs a part of illumination beam 720 towards a detector or sensor 726. 
Sensor 726 can be coupled to zoom systems 706 and/or 712 in order to control 
their movements, such that illumination beam 720 exhibits desired 
characteristics. It is to be appreciated that this is just one example detecting 
system, and other detecting systems can be used, as would be apparent to one 
of ordinary skill in the art upon reading this description. Thus, other types of 
detecting systems are contemplated within the scope of the present invention. 

[0082] FIG. 8 shows an optical system 800 according to an embodiment of the 

present invention. Optical system 800 can be positioned in illumination optics 
104 (FIG. 1). Optical system 800 receives light beam 103 at a PDE 802. 

[0083] At every point of PDE 802 beams 804 are generated that establish a 

pupil shape (e.g., circular, dipole, etc.) of an illumination beam 820, which is 
used to illuminate the object plane having pattern generator 106 therein. 
Beams 804 have a NA=p. A first zoom system 806 has a focal length of Fi 
and magnifies and reshapes the pupil to a size Fi|3. Thus, varying a zoom (and 
focal length Fi) of first zoom system 806 allows optical system 800 to vary 
(possibly continuously or dynamically) a pupil of illumination beam 820. 

[0084] At every point of FDE 808 beams 810 are generated that establish a 

field height of the illumination beam 820. Beams 810 have a field shape (e.g., 
rectangular, arc, etc.) and have a NA=a. A second zoom system 812 has a 
focal length of F2 and magnifies the shape of beam 810 at an intermediate 
image plane 830 to F 2 a and NA= Fip/F 2 . Thus, varying a zoom (and focal 
length F 2 ) of second zoom system 812 allows optical system 800 to vary 
(possibly continuously or dynamically) a field height of illumination beam 
820. 
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[0085] In this embodiment, system 800 also includes a relay system 840 

between intermediate plane 830 and pattern generator 106. Relay system 840 
can reimage the pattern and NA of illumination beam 820 at intermediate 
image plane 830 with a magnification M. 

[0086] In combination, varying a zoom of first zoom system 806 and second 

zoom system 812 allows for varying of the pupil (FiP) and the field height 
(F 2 a and NA= Fi(3/F 2 ) of illumination beam 820. For example, a size of 
illumination beam 820 at intermediate image plane 830 cane be controlled 
using F 2 and then the NA can be reset using F\. This results in a more precise 
system that is more flexible in terms of adapting for various applications as 
compared to the system described above in FIGS. 2a-4d. 

[0087] In one embodiment of system 800, an optional detecting system 822 

can be used to measure a characteristic (e.g., a wavefront, etc.) of illumination 
beam 820. Detecting system 822 can include an optical device 824 (e.g., a 
beam splitter) the directs a part of illumination beam 820 towards a detector or 
sensor 826. Sensor 826 can be coupled to zoom systems 806 and/or 812 in 
order to control their movements, such that illumination beam 820 exhibits 
desired characteristics. It is to be appreciated that this is just one example 
detecting system, and other detecting systems can be used as would be 
apparent to one of ordinary skill in the art upon reading this descriptions. 
Thus, other types of detecting systems are contemplated within the scope of 
the present invention. 

[0088] In both embodiments shown in FIGS. 7 and 8, any desired field height 

and pupil range can be used, as would be established based on an application 
incorporating system 700 or 800. For example, for one application a variance 
in field height can be up to about 2.5 to about 4 times an original field height 
and a variance in pupil can be up to about 4 to about 5 time an original pupil. 
However, for other applications other ranges are also contemplated within the 
scope of the present invention. 

[0089] It is to be appreciate that first zoom systems 706 and 806 and second 

zoom systems 712 and 812 can have various numbers and types of optical 
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elements therein, such that a desired zoom operation is achieved. Thus, 
various combinations of optical elements for these zoom systems are 
contemplated within the scope of the present invention. 


CONCLUSION 


[0090] Example embodiments of the methods, systems, and components of 

the present invention have been described herein. As noted elsewhere, these 
example embodiments have been described for illustrative purposes only, and 
are not limiting. Other embodiments are possible and are covered by the 
invention. Such embodiments will be apparent to persons skilled in the 
relevant art(s) based on the teachings contained herein. Thus, the breadth and 
scope of the present invention should not be limited by any of the above- 
described exemplary embodiments, but should be defined only in accordance 
with the following claims and their equivalents. 
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